1 W. N. GONICK and H. W. REUSZER* TN THE many studies on distribution of azotobacter in •*• soils the only species commonly reported is Azotobacter chroococcum first described by Beijerinck (I) 3 . The occurrence of this species as the only representative of the genus has been so universal that in discussion of azotobacter distribution the use of the generic term has become almost synonymous with the specific name chroococcum. The species Azotobacter vinelandii originally isolated from soil by Lipman (7) was reported by him (8) to be widely distributed in the arable soils of New Jersey and especially in the red shale soils of Middlesex County. Apparently this organism was not again reported from soils of the United States until 1939 (11) . Private communications to the junior author indicate, however, that this species has occasionally been observed in the United States by a few workers in unreported studies. Azotobacter vinelandii was found by Burgess (2) in one Hawaiian soil and by Yamagata and Itano (16) in 3 of 300 Japanese soils examined by them. Winogradsky (15) has commented on the rarity of the finding of A. vinelandii. He, himself, in studies covering a period of 10 years found it only once in the soils of Brie, France. He pointed out also that Omeliansky in his extensive studies of azotobacter in Russian soils never reported the presence of this species. Following a' suggestion made by Dr. A. J. Kluyver, Winogradsky (15) examined a number of surface waters for the presence of vinelandii. In the samples studied he found this species occurring frequently and consequently considered water to be its natural habitat.
The isolation of A. vinelandii by Reuszer (11) was made under circumstances which suggested that the presence of behzoate compounds might exert a preferential action upon the multiplication of this species. This view was reinforced by the finding (10) that vinelandii strains tolerated a higher concentration of sodium benzoate in laboratory media than did A. chroococcum strains. It was, therefore, considered possible that benzoate or other compounds might be useful in enriching the population of A. vinelandii of soils and thus enable detection of this organism where ordinary methods might fail. The usefulness of a considerable number of compounds for this purpose was investigated. Certain of these compounds were quite effective in selectively stimulating A. vinelandii in soil while others were found to favor A. chroococcum. .Using methods developed a study was made of the distribution of these A. vinelandii was found to occur very rarely i soils but to be quite widely distributed in surf EXPERIMENTAL METHODS To determine the selective action of various sub the two species of azotobacter the effect of 49 com resenting sugars, alcohols, organic acids and thei zene, and phenol compounds was studied. These •will be listed in subsequent discussions. The sub added to duplicate 100 gram portions of a silt concentrations of 1 and 2.5% of the weight of th except the alcohols and benzoates which were ad and 5% rates. The soils were kept at a moistur 20% and incubated at 28° C. A. chroococcum w present at the rate of a few hundred cells per gram used. A. vmelandii was added by inoculation w previously isolated in this laboratory to give also dred cells per gram of soil, but no attempt was m exactly equal numbers of the two species present bation periods of 1, 2, 4, 6, 8, and 10 weeks, each treatment were plated for azotobacter co medium proposed by Wenzl (14) . This medium by the addition of a small amount of sodium m the substitution of sucrose for mannitol as a ca Because of the diffusible greenish to yellowish gre duced by A. vmelandii colonies they could be readily from those of A. chroococcum. Counting of these two species separately was thus easily Total numbers of bacteria, actinomycetes, and mo determined on appropriate media but results of t nations will not be discussed in this paper. Soil pH determined at each sampling period with a glass meter using 1 part of soil to 2 parts of water. treatments could be studied at once and for each ments control samples inoculated with A. vinelan no added organic substance, were run.
To determine the distribution of azotobacter in were obtained in various areas of the state, either mental plots with a known history, or from far jected to ordinary commercial cropping practices. sampled to a depth of approximately 8 inches, the the surface being discarded. Immediately after b to the laboratory the samples were plated on Wenzl medium for determination of abundance o cells. Each plate was inoculated with a soil dilutio a maximum of 0.1 gram of soil. Greater dilutio where needed. For detection of the vinelandii sp ment cultures were set up in soil and usually also For the soil enrichment cultures 150-or 200-gra of soil were incubated with the addition of a c previously found to be favorable to the multipli vinelandii in soil. These soils were incubated for examined periodically by the plate method for A. vinelandii. In the solution enrichment method soil were inoculated into a flask of nutrient soluti
